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Department of Physics, University of Crete, Heraklion 71103, Greece
Spin-selective radical-ion-pair reactions are at the core
of spin chemistry [1]. Jones & Hore recently introduced
a master equation, which the authors claim to follow
from quantum measurement theory considerations [2]
and which is supposed to describe the evolution of the
spin density matrix of radical-ion pairs.
We have recently shown [3] that the Jones-Hore the-
ory is inconsistent, since it cannot unambiguously ac-
count for the state change of unrecombined radical-ion
pairs. In order to remedy the inconsistency, the authors
of the original paper together with Maeda and Steiner [4]
have by hand expanded the density matrix ρ describing
radical-ion pairs to a new density matrix ρ′ including the
neutral reaction products. By doing so, the authors state
that in [3] I incorrectly assumed that wP , the weight of
the products, is zero.
Now, however, the authors face a more daunting chal-
lenge, namely the description of a single radical-ion pair.
The physical question to be addressed is this: Consider
a single radical-ion pair at time t = 0 in the state ρ0.
Assume that in a given realization of the experiment the
radical-ion pair has not recombined until time t. What
is ρt ?
In this case there are no product molecules, so the
authors in [4] cannot use the same mathematical trick
(essentially the authors in [4] have proved the tautology
ρ/Tr{ρ} = ρ/Tr{ρ}). So now, based on the reply [4], the
possible conclusions that follow are only these two: (i)
either the Jones-Hore theory is inconsistent, for the rea-
sons outlined in [3], or (ii) the Jones-Hore theory cannot
describe the state evolution of single molecules. Either
of the two renders the theory highly problematic.
To elaborate, the authors in [4] might insist that the
master equation describing unrecombined radical pairs
(either a single one or more) is equation (2) of [4], which
is reproduced here
dρ/dt = −kS(Tr{QTρQT}ρ−QTρQT) (1)
Now, however, there are two problems. If one consid-
ers an experiment with a single radical pair, the authors
will not be able to derive (1) from the average of ele-
mental trajectories, as now recombination is not an op-
tion. Hence the authors will run into the inconsistency
analyzed in [3]. If the authors postulate (1) without de-
riving it, they will be describing a single unrecombining
radical pair with a non-linear equation. Either of the two
renders the theory highly problematic.
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